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Replies to Reviewer Charges and Associated Comments

1. Are there any data relevant to child health and developmental effects that have not been discussed in
the profile and should be?

Not to my knowledge.

2. Are there any general issues relevant to child health that have not beeusdes in the profile and
should be?

Not to my knowledge.

3. If you answer yes to either of the above questions, please provide any relevant references.
n/a

CHAPTER 1. PUBLIC HEALTH STATEMENT

4. The tone of the chapter should be factual rather thadgjmental. Does the chapter present the
AYLRNIOIFYG AYF2NXYEFGA2Y AY |+ y2ynidSOKYyAOrt adgets

Yes.

5. Major headings are stated as a question. In your opinion, do the answers to the questions adequately
address the concerns dfi¢ lay public? Are these summary statements consistent, and are they
supported by the technical discussion in the remainder of the text? Please note sections that are weak
and suggest ways to improve them.

Yes, answers to questions seem to adequately esilconcerns of the lay public.
Yes, summary statements are consistent and are reasonably well supported.

6. Are scientific terms used that are too technical or that require additional explanation? Please note
such terms and suggest alternate wording.

Caosider adding explanations to the following terms:
T isotope (versions of the same chemical with different atomic structures)
Tadsorb (collect and condense on a surface or material)
T hematological parameters (measurements of chemical constituents ibltusl)
1 alterations (damaging changes)
1 genotoxicity (toxic damage to genes and chromosomes)
1 "absence of maternal effects" (not sure what to suggest here...)
Tsome typos: "no conclusive evidence suggestirat"
"most uraniumleaves the body"
" for along time afteryou"

CHAPTER 2. RELEVANCE TO PUBLIC HEALTH
7. Do you agree with those effects known to occur in humans as reported in the text?
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As far as | know, yes.
8. Are the effects only observed in animals likely to be of concern to humans?Adiny mot?
Likely, yes. The effects reported appear to connect with similar sorts of human endpoints.
9. Have exposure conditions been adequately described?
Reasonably so, yes.
CHAPTER 3. HEALTH EFFECTS
C2EAOAGE m vdzZ tAGE 2F 1dzyly {(GdzRASA

10. Were adequately designed human studies identified in the text (i.e., good exposure data, sufficiently
long period of exposure to account for observed health effects, adequate control for confounding
factors)?

To the available degree, yes. Study limitations were clearly described.

11. Were the conclusions drawn by the authors of the studies appropriate and accurately reflected in
the profile? If not, did the text provide adequate justification for including the wt{edg., citing study
limitations)?

Reasonable discussion/conclusions/limitations were presented.

12. Were all appropriate NOAELs and/or LOAELSs identified for each study? If not, did the text provide
adequate justification for excluding NOAELs/LOAELgling, but not limited to, citing study
limitations?

NOAELs and LOAELSs are listed throughout, to a reasonable degree. However, see Question #13.

13. Were the appropriate statistical tests used in the studies? Would other statistical tests have been
more appropriate? Were statistical test results of study data evaluated properly? NOTE: As a rule,
statistical values are not reported in the text, but proper statistical analyses contribute to the reliability
of the data.

| am afraid | strongly disagreewithK S ! 3 Sy 02 Q& LINA Yl NBE NBLRNIAY3I ;
whatever degree) the NOAEL and/or LOAEL for building points of departure (PODSs) in their risk
FyrfeaSaklraaSaaySyidaod ¢KS bh! 9[ k[ h! 9[ Q& fAYAGL
revealed to such aafjree, and by a wealth of reputable authors (selected references listed at

end of report), that its continued use by any scientific entity borders on embarrassment (with

apologies for the hyperbole)Sy 02 dzNJ 3S (GKS ! {¢5w (2 o06S3AYy RSnS
NOAEL/LOAEL. Replacement can be made with more modern statistical technologies, such as

the BMDL/BMCL approach already mentioned in the report. (If scientific and experimental data

of sufficient qualiy are not available for construction of BMDLs/BMCLs, then call should be

YFRS 2 NIA&S (GKS aOASYUAFTAO O2YYdzyxieQa ail yrF
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accumulation of substandard data is a poor reason to resort to a substandard statistic such as
the NOAEL/LOAEL.) Also see Question #20.

14. Are you aware of other studies which may be important in evaluating the toxicity of the substance?
No.
C2EAOAGE m vdzZd tAGE 2F ' yAYILE {(GdzRASa

15. Were adequately designed animal studies identified in the text (i.e., adequate number of animals,
good animal care, accounting for competing causes of death, sufficient number of dose groups, and
sufficient magnitde of dose levels)?

To the available degree, yes.
16. Were the animal species appropriate for the most significant toxicological endpoint of the study?
Unable to judge.

17. Were the conclusions drawn by the authors of the studies appropriate and talguwetiected in
the text? If not, did the text provide adequate justification for including the study (e.qg., citing study
limitations)?

Reasonable discussion/conclusions/limitations were presented.

18. Were all appropriate NOAELs and LOAELs ideritifiedch study? Were all appropriate
toxicological effects identified for the studies?

NOAELSs and LOAELSs are listed throughout, to a reasonable degree. However, Question #20.
19. If appropriate, is there a discussion of the toxicities of the varioussfarfithe substance?
Discussion seemed reasonable.

20. Were the appropriate statistical tests used in the interpretation of the studies? If not, which
statistical tests would have been more appropriate? Were statistical test results of study data edaluate
properly? NOTE: As a rule, statistical values are not reported in the text, but proper statistical analyses
contribute to the reliability of the data.

l'a AY vdzSadAzy ImoX L FY FFNFAR L AGNRy3Afe& RAZ
reliane on (to whatever degree) the NOAEL and/or LOAEL for building points of departure
6th5a0 Ay UGUKSANI NAa] lylfeaSaklaasSaaySyidaod ¢K¢
measure have been revealed to such a degree, and by a wealth of reputable audfiersnces

available upon request), that its continued use by any scientific entity borders on

embarrassment (with apologies for the hyperbole). | encourage the ASTDR to begin
RSTSYLKIAATAYy3 dzasS 2F GKS bh! 9[k[h! 9] & wSLX I OF
statistical technologies, such as the BMDL/BMCL approach already mentioned in the report. (If
scientific and experimental data of sufficient quality are not available for construction of
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BMDLs/BMCLs, then call should be made to raise the scientific cordm@rit & G Yy RF NR& T2
generation and productiog accumulation of substandard data is a poor reason to resort to a
substandard statistic such as the NOAEL/LOAEL.) Unfortunately, where the BMDL approach was
employed in the report &erious statistical error in (at least) presentation occurs: the MRL

adzYYI NE FylfeasSa Ay ¢rofS !'mo fA&A0G YdzZ GALX S t7
{AYyOS SOSNE TF2NN¥ 2F tn@lfdzS Ydzald tAS o0SGsSSy 7
fundamental statistical preseation (and, it appears, interpretation). | assume this is some sort

of typographical error and/or simple misunderstanding, and that a straightforward explanation

for it can be found. As currently presented, however, these flawed statistical summaries are
adzaLISOGY RdzS G2 LRGSYGAFE F2NBFNRTLNBLIF AL GAZ2Y
calculations, | must warn that the results as presented should not be relied upon for something

as important as MRL determinations until the nature and extent ofdiserepancies can be

determined.

21. Are you aware of other studies that may be important in evaluating the toxicity of the substance?
No.
HH® I NB GKS [{9 GlofSa FyR FAIdzaNBa O2YLX SGS |yR &
how to ue them? Are exposure levels (units, dose) accurately presented for the route of exposure?
Please offer suggestions to improve the effectiveness of the LSE tables and figures and the "User's
Guide."

Tables and User Guide seem reasonable. See, howevertiépgesl3 and #20.

23. Do you agree with the categorization of "less serious"” or "serious" for the effects cited in the LSE
tables?

Categorizations seemed reasonable.

24. If MRLs have been derived, are the values justifiable? If no MRLs have beem, dierieu agree
that the data do not support such a derivation?

See Question #20 regarding a questionable statistical error.

25. Have the major limitations of the studies been adequately and accurately discussed? How might
discussions be changed to impeor more accurately reflect the proper interpretation of the studies?

Discussion seemed reasonable.

26. Has the effect, or key endpoint, been critically evaluated for its relevance in both humans and
animals?

Discussion seemed reasonable.

27.Have'B G2 Yt AySh adGlradSySyda 6SSy YIRS NBIFNRAy3IA i
health?



Discussion seemed reasonable.

28. Are the conclusions appropriate given the overall database? If not, please discuss your own
conclusions based on the data providend other data provided to you but not presented in the text.

Conclusions seemed acceptable, given limitations of available data. See, however, Questions
#13 and #20.

Hpd I F&a FRSIdZ GS FidaSydazy 688y LI A Rdabial daaz SNB A L

Please explain.

To the best extent possible, apparently. (See, however, Question #20 regarding a questionable
statistical error.)

30. Has the animal data been used to draw support for any known human effects? If so, critique the
validity d the support.

To the best of my understanding, yes. Conclusions seemed acceptable, given limitations of
available data. See, however, Questions #13 and #20.

31. Is there adequate discussion of absorption, distribution, metabolism, and excretion of the
substance?

To the best of my understanding, yes.
32. Have the major organs, tissues, etc. in which the substance is stored been identified?
To the best of my understanding, yes.

33. Have all applicable metabolic parameters been presented? Have abdalil
pharmacokinetic/pharmacodynamic models and supporting data been presented? If not, please explain.

| am concerned that in 83.4.5, the various compartmental, PBPK, etc., model equations are
displayed with specific numerical parameters (see, e.g.19@+), but without any indication of
the variation/error/uncertainty in these numerical values. How are these numbers derived? If
from data, what are the data, and what statistical methods are used to estimate the
parameters? And most importantly, what khof statistical uncertainty/error can be assigned to
the point estimates? (Admittedly, much of this information can be delegated to an Appendix.)
Perhaps | missed where this was presertdulit if so, better signposting or textual emphasis on
these detadls is warranted.

34. Is there adequate discussion of the differences in toxicokinetics between humans and animals?
Discussion seemed reasonable.

35. Is there an adequate discussion of the relevance of animal toxicokinetic information for humans?

Discusion seemed reasonable.



36. If applicable, is there a discussion of the toxicokinetics of different forms of the substance (e.g.,
inorganic vs. organic mercury)?

Discussion seemed reasonable.
37. Are the biomarkers of exposure specific for the substan@ee they for a class of substances?
Discussion appeared to highlight and focus on Uranium.

38. Are there valid tests to measure the biomarker of exposure? Is this consistent with statements made
in other sections of the text?

Discussion seemed reasable, given limitations of available data.
39. Are the biomarkers of effect specific for the substance or are they for a class of substances?
Discussion appeared to highlight and focus on Uranium.

40. Are there valid tests to measure the biomarker ffé&t? Is this consistent with statements made in
other sections of the text?

Discussion seemed reasonable, given limitations of available data.

41. Is there adequate discussion of the interactive effects with other substances? Does the discussion
concertrate on those effects that might occur at hazardous waste sites?

Discussion seemed reasonable, given limitations of available data.

42. If interactive effects with other substances are known, does the text discuss the mechanisms of
these interactions?

Discussion seemed reasonable.
43. Is there a discussion of populations at higher risk because of biological differences which make them
more susceptible? Do you agree with the choices of populations? Why or why not? Are you aware of
additional studies irthis area?

Discussion seemed reasonable. | am unable to judge quality or extent of population choice(s).

44. Is the management and treatment specific for the substance, or is it general for a class of
substances?

Discussion appeared to highlight andde®mn Uranium.
45. |Is there any controversy associated with the treatment? Is it a "well accepted"” treatment?
Unable to judge.
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46. Are there any hazards associated with the treatment of populations that are unusually susceptible to
the substance (e.g.nfants, children)?

Unable to judge.

47. Are treatments available to prevent the specific substance from reaching the target organ(s), or are
the actions general for a class of substances?

Unable to judge.
48. Is there any controversy associated witBth & NB I G YSY G K La Ad | béeStftnk OO
discussion concerns an experimental method, do you agree with the conceptual approach of the
method?

Unable to judge.

49. Are there any hazards associated with the treatment of populations thatrarsually susceptible to
the substance (e.g., infants, children)?

Unable to judge.
50. Are there treatments to prevent adverse effects as the substance is being eliminated from the major
organs/tissues where it has been stored (e.g., as a substancaisattd from adipose tissue, can we
prevent adverse effects from occurring in the target organ[s])?

Unable to judge.

51. Are treatments available to prevent the specific substance from reaching the target organ(s), or are
the treatment's actions generdbr a class of substances?

Unable to judge. (Discussion seemed reasonable.)
52. Is there any controversy associated with the treatment? Is it a "well accepted" treatment? If the
discussion concerns an experimental method, do you agree with the conceypioiedach of the
method?

Unable to judge. (Discussion seemed reasonable.)

53. Are there any hazards associated with the treatment of populations that are unusually susceptible to
the substance (e.g., infants, children)?

Unable to judge.
54. Do you knowef other studies that may fill a data gap?
No.

pp® ! N GKS RFUGlFI ySSRa LINBaSyuSR Ay | ySdziNt sz y2



shows bias.
Generally, yes.
56. Do you agree with the identified data needs?
Yes. However, on p. 160, 2wlzf R LINB L}2 &S GKF G RFEGF F2N 02y ad Nz
should be of sufficient quality to allow for calculation and use of modern BMD/BMC
technologies. Calculation of NOAELSs is an outdated and substandard approach. See Question
#13.
57. Does theext indicate whether any information on the data need exists?
Discussion seems reasonable.
58. Does the text adequately justify why further development of the data need would be desirable; or,
conversely, justify the "inappropriateness" of developing tlata need at present? If not, how can this
justification be improved.
Discussion seems reasonable. However, see Question #56.

CHAPTER 4. CHEMICAL AND PHYSICAL INFORMATION

59. Are you aware of any information or values that are wrong or missing chémaical and physical
properties tables? Please provide appropriate references for your additions or changes.

'yIofS (2 2dzRIS® 6L RAR FAYR (KAA / KIFLIISNI OSNE
CHAPTER 5. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL

60. Are yu aware of any information that is wrong or missing? If so, please provide copies of the
references and indicate where (in the text) the references should be included.

Unable to judge issues of production, use, and disposal.
CHAPTER 6. POTENTIAL FORANWENPOSURE
61. Has the text appropriately traced the substance from its point of release to the environment until it
reaches the receptor population? Does the text provide sufficient and technically sound information
regarding the extent of occurrence BPL sites? Do you know of other relevant information? Please
provide references for added information.

Discussion seems reasonable. | am unable to comment on other relevant information.
62. Does the text cover pertinent information relative to transpartitioning, transformation, and

degradation of the substance in all media? Do you know of other relevant information? Please provide
references for added information.
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Discussion seems reasonable. | am unable to comment on other relevant information.

63. Does the text provide information on levels monitored or estimated in the environment, including
background levels? Are proper units used for each medium? Does the information include the form of
the substance measured? Is there an adequate discussithe quality of the information? Do you

know of other relevant information? Please provide references for added information.

7
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64. Does the text describe sources and pathways of exposure for the general population and
occupations involved in the handling of the substance, as well as populations with potentially high
exposures? Do you agree withetkelection of these populations? If not, why? Which additional
populations should be included in this section?

Discussion seems reasonable. | am unable to comment on population selection.

65. For Sections 6.8.1, Identification of Data Needs and 6.8dhiQy Studies, answer the same
questions presented in Section 3.12.2, Identification of Data Needs and 3.12.3, Ongoing Studies.

All components of 86.8.1 seemed reasonable. Only 1 sentence is given for 86.8.2, which seemed
reasonable.

CHAPTER 7. ANALALI®IETHODS

66. Are you aware of additional methods that can be added to the tables? If so, please provide copies of
appropriate references.

Unable to judge.
67. Have methods been included for measuring key metabolites mentioned previously in the text?
Unable to judge.

68. If unique issues related to sampling for the substance exist, have they been adequately addressed in
the text? What other discussion should be provided?

Unable to judge.

69. For Section 7.3.1, Identification of Data Needs, ansveesdime questions presented in Section
3.12.2, Identification of Data Needs.

All components seemed reasonable. | encourage the call (p. 217) to improve sensitivity to
accuratelyyY S| adzNBE f2¢ f S@Sta 2F NI RA2nydzOf S2GARSa
limits of detection).

CHAPTER 8. REGULATIONS AND ADVISORIES
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70. Are you aware of other regulations or guidelines that may be appropriate for the table? If so, please
provide a copy of the reference.

No. But, | reiterate my recommendation to begin immediate migration from NOAEL/LOAELs
towards more modern PODs such as the BMDL,; see Question #13.

CHAPTER 9. REFERENCES

71. Are there additional references that provide newalat are there better studies than those already
in the text? If so, please provide a copy of each additional reference.

n/a
UNPUBLISHED STUDIES (IF APPLICABLE TO REVIEW)

72. For each of the unpublished studies included with the profile, prepare agvagiation that
includes your assessment of the:

72a. Adequacy of design, methodology, and reporting;

72b. Validity of results and author's conclusions; and

72c. Study inadequacies or confounding factors.

73. Provide a summary of your conclusions? Doagyee or disagree with those of the author?
If not please explain why.

n/a (as far as | could tell)
Selected references on limitations of the NOAEL/LOAEL

Crump, K. S. (2008). Benchmark analysiEntiyclopedia of Quantitative Risk Analysis and
Assessment,1> a St yAOlZ 9 [ FYR 9@SNARAGGZT .o {d OSSR

5 A& WO ! @3 DAFOIE WP {dX YR %KI2Z vd WO OHAMMO
Benchmark Dose Software (BMDS) version 2Thgicology and Applied Pharmacology, in
press. doi: 10.1016/j.taap.2010.10.016

CHfl CAfALIAAZYS ! & {FYRZI { P bAfaazysz WozI | yR
available models, and recommendations for application in health risk asses<bnitical
Reviews in Toxicology 332 pnanpmnpnH®

I+
>x

Faustman, E. M., and Bartell, S. M. (1997). Review of noncancer risk assessment: Applications of
benchmark dose methodsluman and Ecological Risk Assessment 32 y oo T hH n P

Foronda, N. M., Fowles, J., Smith, N., Taldo, and Temple, W. (2007). A benchmark dose analysis for
sodium monofluoroacetate (1080) using dichotomous toxicity d&tgulatory Toxicologyand
Pharmacology 47~ y nmny p®

Gift, J. S., McGaughy, R., Singh, D. V., and Sonawane, B. (2008). Health assEpbosgene:
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Approaches for derivation of reference concentrati®egulatory Toxicology and
Pharmacology 51> ¢y ntmnT1T @

I Fyaazys {® hd OoHNnANHOD wSLI FOAy3d (GKS y2nSTFFSOI
LEBELJtatistics in Medicine 21,30r Mmmon Ty @

Leisenring, W., and Ryan, L. (1992). Statistical properties of the NR&gtilatory Toxicology and
Pharmacology 155 Mc MTTMT M@

Kodell, R. L. (2009). Replace the NOAEL and LOAEL with the @& BMDLo. Environmental and
Ecological Statistics 162 o TTMH ®

Oberg, M. (2010). Benchmark dose approaches in chemical health risk assessment in relation to number
and distress of laboratory animaRegulatory Toxicology and Pharmacology 582 np mMmninpn @

Sand, S., von Rosen, D., Victorin, K., and Falk Hiljgss@006). Identification of a critical dose level for
risk assessment: Developments in benchmark dose analysis of continuous endpoints.
Toxicological Sciences 90X H N MTIHpP M P

Sand, S., Victorin, K., and Falk Filipsson, A. (2008). The current statevieidg®oon the use of the
benchmark dose concept in risk assessméotirnal of Applied Toxicology 282 nnp mnH M ®

Suter, G. W. (1996). Abuse of hypothesis testing statistics in ecological risk asselsmeamt.and
Ecological Risk Assessment2> oomMmonT @

Wed, R. W., and Kodell, R. L. (2005). Changepoint alternatives to the NIodgal of Agricultural,
Biological, and Environmental Statistics 10> M T TTH MM @
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Peer Reviewer #2
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Review of Draft 2 of Uranium Profile for ATSIORC

by

Reviewer #2

1. As implied, there is a significant need for studies on the toxic effects of U in childrdiortunately,
speculation and parallelingthe effectsof Uin children from data in adilt humans and animal studies
servecurrently as the main tool forestimating and predicting adverse effectsf U in children.Since U
does target bone and marrow spaces, especially during growth and remodeling phases, and since most
of bone growth occurs prior to the age of 21, special considerations and carefulvatioes should be
made in reference to this potential sensitive group of humans.

2. The opinion of this reviewer is that avoidance behaviors implemented by parents would serve well as a
means to minimized exposure of a potential sensitive sector of sociaty ¢hildren) to U. Some of these
avoidance behaviors, and recommendation for alternate behaviors, are provided in the profile.

CHAPTER RUBLIC HETH STATEMENT

Summary Statement (Sections 1.1.10): The content of this section is readable by the lapl. It is

on the whole informative and logically arranged. This section appears to be adeqaatkeconsistent

with Public Health Statements faother Profiles.The sections of this chapter are presented in a logical
and informative manner. Some sectioase not as complete as one would want, implying future needs.
Although questions may arise in the mind of some lay persons, there is not much more to add to this
chapter, without data from more complete studies.

Some questions and issues in this sectoa outlined below.

In section 1.2z Under SOURCES: What about uranium (U) found in wells drilled for drinking water,
particularly in U-containing rock formations? Deaths caused by eexposure to U and arsenic (As) in wells
for drinking water have been eported in the Halifax NS (Canada; personal communication with a clinical
pathologist in Halifax). Although the precise agent cause death was difficult to determinewould seem
appropriate to include both surface and suurface water as potential soussof U since similar U (and As)can
be colocalized in areas of significant rockormation.

CHAPTER 2:

2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO URANIUM IN THE UNITED STATES:
-This section reads well and seems appropriate in content.

2.2 SUMMARY OF HEALTHFEETS:

-Overall, this section is written well and provides the preponderance of currently available data. Concerns
and suggestions are provided below:
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-One concern about the lack of associated carcinogenicity is time. No mention of the potential effect of
length of time of exposure on the potential for carcinogenic effects in bone and bone marrow. If the
conclusion the author makes early in this section about U not being carcinogenic, | think some reference
to the length of time subject were studied to coapewith this conclusion. Cancer effects are sometimes
delayed by decades following or during exposure to certain compounds. Some clarification of this issue
would be helpful to the reader.

-Some of the biomarkers cited for use as indicators of toxicteffecdhe kidneys are not necessarily
specific for U. Additional studies need to provided showing whether clearer relationships exist between
the urinary excretion of transaminases such as ALT (alanine aminotransferase) and AST (aspartate
aminotransferases brush border enzymegyGT (gammaglutamyltransferase) and AP (alkaline
phosphatase) and the cytosolic enzyme LDH (lactate dehydrogenase) with proximal tubular injury. After
all, the predominant manner by which these enter the urinary compartment is by cell death along the
proxmal portions of the nephron. In rodents exposed to a number nephrotoxicants tend to demonstrate
correlative relationships between the urinary excretion of these enzymes and the level of proximal
tubular injury. Dr. Paul Morrow at the U. of Rochester ghielii some his urinary enyzymology findings

in criteria documents published by DOE back in the early 1980s. However, biopsy samples for
histopathology serve as the gold standard. Clearly, utilizing these measure may prove to be difficult in
humans under masampling conditions (i.e. spot urine sampling).

-It must be kept in mind that elevation in BUN and/or plasma creatinine are generally not going to occur
until 7580 of the functional renal mass has been acutely or chronically compromised. Care should b
taken to separate out criteria indicating some level of acute or chronic proximal tubular necrosis vs.
necrosis resulting in acute and/or chronic renal failure!

-An additional point relates to potential differences in sensitivity to various forms ofdoguifferent
experimental animals. This is important in that destect relationships for a number of nephrotoxicants
vary greatly among a number of mammalian species.

-Although implied by the presented data, a very important issue not adsifdg®ctly is whether uranyl

ions have the ability to cross the placental barrier and enter into fetuses. The fetus may prove to be one
of the more sensitive to the toxic effects of U. Additional studies may link possible carcinogenic effects of
U to the delicate ématopoietic sterrcells in the liver and marrow of developing bones.

2.3 MINIMAL RISK LEVELS (MRLS):

-This section appears to present a preponderance of relevant data on routes and types of exposure to U
and the associated provided MRL(S).

CHAPTER BIEALTHEFFECTS:

- NOAELs and LOAEtorted appear to be appropriate and to date.

18



- In general, without reading the original manuscripts, evaluation of statistical analyses used is difficult
to assess. Authors publishing data, especially from animals anddrstitdies, in the bimedicathealth
journals, tend NOT to provide appropriate details on the nature of statistical evaluations performed. For
example, very few provide information on selection of subjects, whether data fall within the realms of
normal (o Gaussian) distributions and whether variances were statistically similar. Unlike statistical and
epidemiological journals, values from statistical tests are not provided (suelma&vtalues, SS or sum

of squaresvalues). Too many opinions are genexhtfrom manuscripts in which investigators used
improper statistical analyses! This point applies more to investigative animal studies, particularly in older
studies. In general, this important issue is impossible to assess for this profile due to takotied for

review and nature of its presentation.

3.1 INTRODUCTION:

-On page 33, line 22: The correct word to describe a toxic element or molecule not generated or made
Aykoe | fASAYIIK NENBZ YMAlYY (héa &

-One page 38, line 20: | would strdnguggest to state that the nephrotoxic effects of U occur mainly in
GKS GLINRPEAYIf LRNIA2Yy&aé 2F GKS NByYyLt {(dodzx S 06y SLK

-On Page 39. It is important to convey the fact that U tends to behave as an acute nephrotoxicant. This
point and the fact that during chronic exposure additional variables may be involved, which may mask
the deleterious effects of U.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE:
Toxicity Quality of Human Studies:

-Better human studies are clearly need With this in mind, the human studies appear to have
adequately discussed. Some of the section leaves the reader with significant questions about whether U
does have toxic metddased or radioactive effects. This may be inherent in the nature of tdeestand

the lack of important information lacking.

Toxicity Quality of Animal Studies:

-As might be expected, the toxicological data from animals are more informative, but are also lacking.
This again is likely due to the nature of the body of resedore.

Level of Significant Exposure (LSA) Tables and Figures:
-The LSAs data in the text figures and tables appear appropriate.

3.3 GENOTOXICITY:
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-Page 108, line 20: U does NOT have to localize in the gonads for it to be genotoxic! Genotoxicity could
be associated with stem cells along the Gl tract and stem cells in other body compartments, including
bone marrow, which may be exposed to significant amounts of U.

-Overall this section seems to behave covered adequately.

3.4 TOXICOKINETICS:

Page 114, 168 HNnY Go6SNB¢é¢ aKz2dzZ R 06S &dzoadAddziSR FT2NJ agl
requiringthe pasti Sy aS 2F GKS @OSNb aoSNBE @

-Very little is mentioned about uranyl acetate. Are there experimental or human data pertaining to the
inhalation and toxic décts of uranyl acetate associated with individuals using transmission electron

microscopy? The acetate form of U has been utilized since the introduction of electron microscopy for
allowing one to make cytological features more visible (electron dense).

-The remainder of the discussion of the toxicokinetics of U, i.e. depth and completeness, is consistent
with that of other profiles.

3.5 MECHANISMS OF ACTION:

-Page 140, Line 7: Nephrotoxicity is NOT a measure of toxicity. It is an inherent entity. évloreov
nephrotoxicity is not induced. A nephropathy is induced. This should be corrected.

-On the whole, very little is understood about the mechanisms of action of U. Most of the data available
provide only a implication of mechanisms. This notion is irferr¢his section. As indicate by the section

of Animalto-Human extrapolation, the renal and pulmonary systems are significant targets for the
adverse (toxic) effects of U as a metal. However, as stated, the toxic effects of U on the kidney are
variable anong species. This is not that surprising. The nephrotoxic effects of other heavy metals are also
variable among various species, even among rodents (rabbit, rat and mouse).

3.6 TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS:

-As written, only lim&d data are available regarding the possible estrogen mimicking effects of U.

o®dT /1 L[5wW9bQf{ {!{/9t¢L.L[LGC. Y

-The bolded section is appropriate and is worded well. My only additional comments about susceptibility
of children to U were made above in senti2.2. Some of the data presented in this section tend to
support the potential of U to cross the placental barrier and affect adversely the developing fetus.

3.8 BIOMARKERS OF EXPOSURE AND EFFECT:

-Biomarker for the detection of the presence of U witamindividual are covered and are discussed
appropriately. However, some of the biomarkers used to assess-spgaific injury are not specific for
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U. Many of the biomarkers discussed are also markers of injury induced by other heavy metals and
various eganic chemicals. Numerous measures of orgpecific injury are in many situations
impractical, if not impossible, to obtain. This point is covered marginally.

3.8 INTERACTIONS WITH OTHER CHEMICALS:
-Very limited information appears to be available.
3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE:

-Although the author is correct that a sensitive group of individuals that may be particularly susceptibility
to the toxic effects of U are individuals with impaired renal function, impairment of renal funstion
generally not detectable before one loses abouB®@%6 of their functioning renal mass. Individuals with

low levels of reduced renal mass may also be at risk due to compensatory metabolic changes occurring in
the remaining functional renal mass. Currestatistics from various private and Federal agencies
indicate that about 17% of the US population suffers with various forms chronic renal disease (CRD). This
percentage covers renal diseases induced by hypertension, diabetes and autoimmune diseases.
Corsequently, a large subpopulation of US residents may be at greater risk of intoxication by U,
assuming the potential for exposure. The author may want to stress this point.

3.11 METHODS FOR REDUCING TOXIC EFFECTS:
-As implied, limited efficacious treatmisrare available for reducing the burden and toxic effects of U.
3.12 ADEQUACY OF THE DATABASE:
Existing Information on Health Effects of URANIUM:
-This section adequately conveys the body of existing information of the health effects of U.
Identification of Data Needs:

-This section is fairly well developed and presented. The section implies needs for study rather than
discussing them directly, which is appropriate.

CHAPTER 4. CHEMICAL AND PHYSICAL INFORMATION:
-This section is covered appropriately.
CHAPTER 5: PRODUCTION, IMPORT/EXPORT, USE AND DISPOSAL OF URANIUM:

-This section covers the relevant information regarding production, import/export, use and disposal
succinctly and appropriately.

21



CHAPTER 6: POTENTIAL FOR HUMAN EXPOSURE:

-This section appearto thoroughly cover available data. The only question this reviewer has pertains to
available data on the content of U in the water of private wells drilled in areas of higher underground
quantities of U.

CHAPTER 7: ANALYTICAL METHODS:

-Methods used (antheir limitations) to detect U in vivo and in vitro are covered adequately. The section
also provides an appropriate recommendation for improved methods for determining the effects of U in
tissues and organs affected by U. No ongoing studies were iddntifi

CHAPTER 8: REGULATIONS AND ADVISORIES:

-As discussed, national and international regulations, advisories and guidelines for U in air, water and
other media are provided and summarized in Takle 8

CHAPTER 9: REFERENCES:
-References appear to be quitomprehensive and up to date.
CHAPTERS 10 (GLOSSARY) and APPENDICES:

-The glossary and appendices for this profile appear complete and informative.

SUMMARY STATEMENT:

Overall, the ¥ draft of the profile for U is written clearly and is quite comprehansAlthough there are
a few suggestions for change, the document presents a rather comprehensive summary of the
preponderance of relevant data on U.
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PEER REVIEW OF ATSDR
TOXICOLOGICAL PROFILE T URANIUM
Reviewer#3

SUMMARY REVIEW

In addition to these summary comments, editorial changes have made in the copy of the Profile.
CHAPTER 1. PUBLIC HEALTH STATEMENT

Track changes have been made to suggest a more readable document for the lay public.
CHAPTER 2. RELEVANCE TO PUBLIC HEALTH

Section 2.1Backgroundand Environmental Exposures to Uranium in the United States

This section devotes many lines to the physical aspects of uranium and the deposition and
clearance of particles from the lung. Few lines are @elvto where the US or what

environments have relatively higher concentrations of uranium and where the uranium goes once
it is in the body. | would like to see some of that information come in from the chapters on
Potential for Human Exposure and Toxiaugfics. At the very least, those chapters could be
referenced in Chapter 2.

Section 2.2 Summary of Health Effects

| agree with the effects in humans and animals discusses in the chapter. Hdveesemmary

gets off to a rocky start. The first paragh states that there are no cancerous effects of uranium
because it is not very radioactive but also suggests that the lungs and cardiovascular system
might be affected (by radiation?). The discussion of cancer should come at the end, not lead off.
Thesecond brief paragraph talks about chemical toxicities and finishes with mentioning sensitive
targets of toxicity. This paragraph should give more detail and spell out in more detail what the
target organs are so we will know what is coming.

CHAPTER 3. HEALTH EFFECTS

Section 3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF
EXPOSURE

The Summary section of Chapter 3 is well prepared and written. The mention of linear,

nonthreshold assumptions and risk benefit analysis vs., cancer death predictions are
helpful. Many people are unaware of these issues.

Toxicity - Quality of Human Studies
The review of both the human and animal studies of the carcinogenic effects of uranium

are generally well presented, but certain points in the text and correspondingyu&E f
need consideration. One glaring omission is the lack of mention in the text of the
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Cookfair publication on lung cancer incidence in U processing workers (although it was
presented in the Summary Toxicity Tables). The paper is used to establishfar @QEig
cancer in humans. It needs to be explained why a CEL is needed for cancer effects in
humans when none has been identified to date, as noted in the text and by BEIR and
UNSCEAR publications, to name just two. It also needs to be discussedig/hy th
epidemiologic study was chosen for the LSE figure. | question the quality of the
Cookfair data. The work was published in the proceedings of a Health Physics Society
meeting in 1983. In the text of the paper a new study was mentioned that woudgéncre
the size of the cohort by about two thirds. | could not find more recent publications from
this group reporting on the results using the enlarged cohort that might determine whether
the lung cancer risk of the younger hire group approaches that ofdér group. This
epidemiologic study is the only one that illustrates an increase risk of lung cancer in U
workers. Itis curious that the data has not been used by any of the regulatory groups.
The authors should be queried on the status if thistgftdlished nearly 30 years ago

and if they still stand on the results.

Levels of Significant Exposure (LSE) Tables and Figures

With the help of the AUserds Guideo, the L
Two points in the figures need to beaexined. The NOAEL for renal effects after

intermediate duration inhalation exposure to U is higher than the LOAEL. This can be
explained by the fact that the NOAEL is based on insoluble UO2 and the LOAE is based

on the soluble UF. However, this is notvadus looking at Figure-3 and is not

emphasized in the text that discusses the renal effects after intermediate duration

exposure.

The second point is the characterization of
study and plotted in FigureB Apparently it is 20 rad, the lower boundary in the High

Exposure group that ranged from 20 to 75 rads. Plotting rads on a graph that used mg/m3

for all other endpoints is misleading and unacceptable. It should be possible to calculate

the mass of U inhe lung and estimate the exposure concentration of U.

| agree with the categorization of "less serious" or "serious" for the effects cited in the
LSE tables. The derived MRLs appear appropriate.

Evaluation of Text

There is a massive amount of datathe toxicity of uranium that has been collected over

a period of nearly 75 years. Presenting the data in an understandable way is a challenge.
The format of these Toxicological Profiles, categorization of effects by route of exposure,
encourages reptsad presentation of the effects using the same or similar references.
Another approach is to discuss routes of exposure, toxicokinetics and distribution in the
body followed by discussion of the effects related to the affected organ systems. This
shouldreduce, for example, the repetition of the isotopes of U, the radiation vs. chemical
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toxicity of U, the explanation of the deposition of particles in the lung and the discussion
of the reason HF is so acutely toxic.

One of these repeated comments, Whinplies that U dust may cause emphysema, is

misleading because occupational exposures to metal dusts do not show that. On Page 14

l ine 25 and P 47 |l ine 2: Al n acute exposur e
interstitial inflammation of the alveolar gpelium leading eventually to emphysema and

pul monary fibrosis. o The text continues not
miners may be aggravated by mine dusts. A list of references are presented, however,

half are not relevant. A key referenbere should be the boBathology of

Occupational Lung Diseas@™ edition, by A.Churg and F,H.Y. Green, Williams and

Wilkins, Baltimore, 1998. They point out that emphysemaoisa feature of inhaled

metals and metal compounds. The one inhaledttasts associated with a form of

emphysema is coal dust, but high concentrations in the lung are required for this to

happen. For references, | recommend Churg (for lung diseases), Samet 1994 (for

silicosis) in addition to Dungworth, Saccomanno andW&iler already in the text. The

other references in the text do not really deal with the issue of uranium in the lung.

Section 3.4 TOXICOKINETICS

This section is well presented. Some of this material should be brought forward to
Chapter 2.

CHAPTER 6. POTENTIAL FOR HUMAN EXPOSURE

This chapter is well done and parts should be mentioned in Chapter 2.
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URANILM

1.1

1. PUBLIC HEALTH STATEMENT

WHAT IS URANIUM?

Description

Uranium is a naturally occuring radioactive
element.

MNatural uranium is a mixture of three isotopes:
ml‘;’a #3511, and =1, The most comman isotope
is **1U; it makes up about 99% of natural
uraniurm.

All three isotopes behave the same chemically,
hut they have different radioactive properties.

The half-lives of uranium isctopes (the amount
of time nesded for half of the isotope to give off
its radiation and change into a different
element) is very long (4.5 billion years for 251,

The industrial process called enrichment is
used fo increase the amount of **U and =1
and decrease the amount of U in natural
uranium. The product of this process is
enriched uranium and the leftover is depleted
LIra L.

Uses

Main civilian use of uranium is for fuel in
nuclear power plants and as ballast on
helicopters and aimlanes.

Depleted uranium is also used by the armed
forces as shielding to protect Army tanks and
parts of bullets and missiles to help them go
through enemy amored vehicles.

For more information about the properties and uses of uranmum, see Chapters 4, 5, and 6.

1.2 WHAT HAPPENS TO URANIUM WHEN IT ENTERS THE ENVIRONMENT?

Sources

Uranium can be released into the environment
through natural processes including wind and
water erosion and volcanic enuptions.

Industries involved in mining, milling, and
processing of uranium can also release it into
the environment.
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URANILM 4

1. PUBLIC HEALTH STATEMENT

1 | 1.4 HOW CAN URANIUM ENTER AND LEAVE MY BODY?
2

Enter your body
« Inhalation About 0.76-5% of the uranium you breathe will

enter the bloodstream through the lungs._With

time. the more poory dissolved uranium is

* Ingestion [emove up the ainwavs, swallowed, and
excreted through the gastrointestinal tract

Less than 0.1-5% of the uranium you ingest will
enter the bloodstream through the
gastrointestinal tract. Uranium compounds that
dissolve in water enter the bloodstream more
easily than uranium compounds poorty soluble
+ Dermal contact inwater. Unabsorbed uranium is excreted in
the feces.

Uranium can be absorbed through the skin;
water-soluble uranium compounds are the mast
easily absorbed.

Leave the body Most of the uranium that enters your body goes
to bone, liver, and kidney. It takes 11 days to
reduce the amount of uranium in bome by haff.
It takes 2—6 days for the same to happen inthe
kidney.

Uranium that reaches the bloodstream leaves
your body in the urine. Most ingested uranium
leaves the body in the feces.
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1. PUBLIC HEALTH STATEMENT

For more information about how uranium can leave your body, see Chapter 3.

1.5 HOW CAN URANIUM AFFECT MY HEALTH?

This section looks at studies concerning potential health effects in animal and human studies.

Humans The main target for inhaled uranium in humans
is the kidneys. Workers exposed to uranium
hexafluoride in the air have also experienced
respiratory irftation and accumulation of fluid in
the lungs. However, these effects were
atiributed to the imitant ydrofluoric acid.

Oral exposure to elevated amounts of uranium
has also produced alterations in the kidneys.

Evaluations of Guif War veterans who retained
depleted uranium shrapnel fragmenis have
shown no consistent alterations in renal and
liver function, hematological parameters, sex
hormone levels, sperm parameters, bone
function, neurocognitive tests, and genofoxicity.

Animals The Kidney is also the main target for uranium
toricity following inhalation, oral, or demal
exposure. |Inaddition, inhalation exposure alkso
produced afterafions in the respiratory tract.

Oral exposure studies in animals have shown
that water-soluble uranium compounds will
resuft in kidney effects at lower doses than
following exposure to insoluble uranium
compounds.

Prolonged oral administration of uranium fo rats
has induced neurobehavioral changes as well
as changes inthe levels of certain chemicals in
the brain.

Uranium affected fertility in male rats and mice.
Treating male rats or mice with uranium for a
few weeks before mating with untreated females
resufted in a reduced number of babies being
horn.

Application of uranium compounds to the skin of
animals has produced skin imitation and mild
skindesions damage.

Cancer There is no conclusive evidence suggesting the
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2. RELEVANCE TO PUBLIC HEALTH | Field Code Changed
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21 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO URANIUM IN THE UNITED
STATES

Uranmun 15 an alpha-emifting, radioactive, heavy metal that occurs naturally in the earth’s crust at an
average concentration of about 2 ppm (approximately 1 pCi/g). Uranmm exists in several isotopic forms.
The most texicologically important forms are asdwspeseate-man-made ™1 and U and naturally
occurming U, U, and ®*U. Uranium isotopes decay by alpha emission. “*U decays through 16
radicactive progeny. including 1, to reach stable lead-206 (*"*Pb). while ®*U decays through 13
radioactive progeny to reach stable ""Pb. This profile discusses the chemical and radiological health
effects of isotopes of uranium (nateral, enriched, and depleted) and the vanous compounds in which
uranmm 15 uspally found. The health effects of danghter radicactive elements (radmm and radon) are
addressed in other toxicological profiles (consult the ATSDR toxicological profiles for radimm and raden
for more mformation regardmg these radioactive elements).

Naturally occurring nraninm is an isotopic mixture containing a large percentage of = U and very small
percentages of U and “*U, by mass. The industrial process called enrichment is used to increase the
percentage of “U and decrease the percentage of U in natural uraninm: enrichment ako increases the
percentage of “*U. This results in a contimmm of additional isotope mixtures in which the percentage of
" is either larger (enriched uranium) or smaller (depleted uranium) than that of natural uranium.
Natural neaninm consists of 99.284% 17 0.711% Z"U, and 0.003% U by weight (49% ~°U, 2% =11,
and 49% Z*1 by radioactivity) and has a very low specific activity (0.68 uCi'g). Uranium enrichment for
commercial miclear energy produces uranium that contains about 3% = U this is called 3% enriched
uraninm. Uranimm enrichment for other purposes, including nuclear weapons production, can produce
wranivm containing as mmch as 97.3% U and having a higher specific activity (~50 uCi'g). Depleted
uranmm is the byproduct of the ennichment process. Depleted urannun has even less specific activity
(0.33 pCy'g) than natural urannum.

Uranmumn 15 present m the body at very low or trace concentrations and 1= not known to be an essential
element. Human intakes are constant through very small amounts of natural uranim in food and water,
and even smaller amounts in air. The followmg anthropogenic activities increase the potential for Inman
exposure to uanmm: minng, milling and handling praniom: processing wannun ore end products
(uraninm dioxide, vraniun hexafluoride); producing nuclear energy and nuclear weapons: producing
phosphate fertilizers from phosphate rocks that contain mmch higher-than-average levels of nraninm: and
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improperly disposing of wastes. Occupational exposure to airbome uranmm ore dust ccours m nraninm
mines and mills and m processing plants. Typically, nrannum represents only 0.2—5% by weight of the

ore.

The deposition of mhaled dust particles in the hngs depends on the particle size and the abserption
depends on the sohubility of the compound. Particle size determines the point of deposition site of
pulmenary-inhaled aerosels. The pulmonary depesition site 15 an important factor in determining the
toxicity of an aerosol. Small particles (=2 pm activity median aerodynamic diameter [AMADYT) are
deposited m the deep respiratory tract. Larger particles are deposited in the trachecbronchial region,
where they are transported by nmcociliary action to the threat and swallowed mto the gastrointestinal
tract where absorption is mmimal The less soluble compounds are more likely to remain in the lng
tissue and associated lymph slasdsnodes either for weels (pranim tricxide. uranmm tetrafluoride) or
vears (nranimm diexide, trivranium octaoxide), resulting in significant pulmonary retention in inhalation-
exposure toxicity and a preater dose of alpha radiation. Long-ferm retention of inhaled particles of
insohible compounds can cause pulmonary ailments if the dose is sufficiently high.

Dust particles that have deposited are rapidly transported out of the tracheobronchial region by
mucocibiary action and swallowed. The more soluble compounds are more hikely to be absorbed mio the
bloed at the alveolar level within days. Regardless of solobility, a portion ef nranmm euickly reaches the
systemic circolation and the kidney. where it is cleared from the body in the unne. Ingested uranium that
has been cleared from the langs by mucocilliary action and swallowed is only partly absorbed into the
blood. This is true even for the more common soluble salts (uranmm hexafluonde, nranyl fluoride,
uranmm tetrachlonide, uranyl nitrate hexahydrate). Uranmm s usually found i compounds that can
break down and recomplex to form other compounds. In body fluids. tetravalent nranium is likely to
oxudize to the hexavalent form. followed by formation of the uranyl ion.  Uranium penerally complexes
with citrate. bicarbonates. or protein in plasma.

According to the International Commission on Radiological Protection (ICRP 1995), the more solible
compounds (uranmm hexafluonde, wanyl fluonde, wanmm tetrachloride, wranyl mitrate hexahydrate) are
more likely to be absorbed into the blood from the alveocli within days and are assigned to inhalation
Type F (fast dissolution). The less soluble compounds (uranmm tetrafluoride, uraninm dicside, vranmm
trioxide, trinfaninm octaoxide) are more likely to remain in the lung tissue and associated ymph slasds
nodes for weeks and are designated Type M (medivm dissolution). The relatively insoluble compounds
(uraninm dioxide, trinranimm octacxide) may remain in the lungs for years and are designated Type S
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Ingested urannmm is excreted mostly mn the feces. The absorption factors for wranmum compounds in the
gastromtestinal tract of numans 15 2% for soluble compounds and 0.2% for less soluble © unds (ICRP

1995% Urannun that enters the blood stream is excreted m the urine by the kdney. ssna—asaration-
sepesmlblaw The biological half-times of soluble uranmm compounds (eranim hexafluoride, uranyl
fluonide, nraniem tetrachloride, nrany] nitrate hexahydrate) are estimated i days or weels; those of the
less soluble compounds (eraninm tetrafluoride. nraninm dicxide, trinmaninm octaoxide) are estimated in
vears. No information is currently available on the exeretion of demmally absorbed uranmm.
Transdermally absorbed uranium and nraninm released from embedded fragments is expected to behave
identically to uraninm compounds absorbed through the lungs and the gastromtestinal tract.

The main site of long-term retention for mhaled soluble pranimm compounds (uranyl nifrate. nranmm

tetrachlomide. nranim dioxide) and ingested nranmm compounds is the bone, while the mhaled insoluble

ginpornds (oraonun tetrafluonds wanpen dioxids) that are deposited i the desp respiratory tr3 =0

22 SUMMARY OF HEALTH EFFECTS

Becanse the specific activities of radiation &£ in natural and depleted uranium are low, no remariable
noncancerous radiological health hazard is expected (and none has been observed) from exposure to
natural and depleted uranim_. The resnlts of the available smudies in hmmans and animals are consistent
with this conclosion. According to the BEIR. IV report. if wranmum’s radiation were carcinogemic m
humans, the most likely carcinogenic effect in homans would be bone sarcoma. However, even highty-
enriched uranmumn has not been found te produce cancer, including that of the bone, in exposed humans.
Evwidence from animal studies suggests adverse effects reported from such exposures mehude damage to
the epithelmm of the longs (fibrosis) and cardiovascular abnommalities (friable vessels).
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The chemical action of all isotopes and isotopic mixtures of wranmm are identical. regardless of the
specific activity. because chemical action depends only on chemical properties. Thus, the chemical
toxicities of matural. depleted, and enriched nraninm are identical Current evidence from animal studies
suggests that the toxierty of nranim is mamly duoe to its chemical damage to kidney tobular cells, leading
to nephritis. Other sensitive targets of toxicity inchide the respiratory tract (inhalation enly). nenrological
system, reproductive system, and the developmg erganism.

There are limited data on the renal toxicity of nrannun following inhalation exposure in lnmans. A
number of studies found no alterations i mortality due to renal disease in uranmm workers (Archer et al.
1973a, 1973b; Checkoway et al 1988; NIOSH 1987; Polednak and Frome 1981). However. a study of
uranmm mill workers exposed to uranium found evidence of renal dysfunction (B-2-microglobineria,
aminoaciduria) (Thun et al. 1985); the severity and incidence of the effects appeared to be related to
exposure duration. Several epidemiclogy studies have found associations between parameters of renal
dysfinction (e.g.., urine levels of albumin. f,-microglobulin, glucose, and protein HC) and elevated
uranmm levels in drinking water (Kurttio et al. 2002; Limson Zamera et al. 1998, 2009; Mao et al. 1993;
Seldén et al. 2009). These studies did not find overt signs of toxicity and in many cases, the biomarkers
of renal dysfunction were within the nommal range. Although most of the epidemiclogy stodies provided
information on uraniem levels m the drinking water, there was often a large range of exposure levels;
thus. the human oral exposure studies do not provide reliable dose-response data.

Eeenal effects have been observed m a number of anmmal species exposed to vanous uranimm compounds
at sufficiently hich doses. The cbserved effects have pramanly mvolved damage to the proximal tubules
and have been observed following inhalation (Dygert 1949a, 1949, 1949d; Roberts 1949; Rothermel
1949: Rothstein 1949a_ 1949b_ 1949¢; Spiegl 1949; Stokinger et al. 1933;), eral (Domingo et al. 1987;
Gilman et al 1998a, 1998b, 1998¢; Martinez et al. 2003; Ozmen and Yurekdi 1998), demmal (DeRey et al.
1983; Lopez et al. 2000; Orcut 1949) exposures; and from embedded fragments (Zhm et al 2009). The
preponderance of the data on the renal toxicity of uranmm come from a collection of experiments
conducted i 1949, The results of these studies demonstrate compound- and species-related differences m
toxicity. Solible nanim compounds (e.g., uranyl nitrate, uranyl fluoride, uranmm hexafluoride, and
uranmm tetrachlonide) are more toxic than msoluble vranmm compounds (e.g.. vranmm dioxide, wanmm
peroxide, nraninm trioxide. and trinraninm oxtacxide). Renal effects have been observed in animals
exposed to aerosols of soluble uraninm compounds at concentrations of20.13 mg Ulm® for intermediate
durations (Roberts 1949; Rothstem 1949a; Spiegl 1949; Stolanger et al. 1953). However. no renal effects
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